Crosses between different mink lines from 3 Danish mink farms that use different breeding strategies were studied to estimate heterosis and variance components for litter size. The study was designed to analyze crosses between lines of the same color type, between different color types, and between animals originating from different farms. Effect of heterosis, color type, and variance components were estimated using Average information REML (AI-REML) algorithm implemented in the DMU package for analyzing multivariate mixed models. Females from 7 generations that gave birth to at least 1 offspring were analyzed and the effects of parity and production year were included in the analyses. Genetic trend and the proportions of the total variance explained by the effects of additive genetics (h 2 ) , common environment (due to repeated litters from the same female; c 2 ), and dam of the female (granddame of the born litter; d 2 ) were estimated. The results showed that mink of the Black color type potentially produced smaller litters compared to mink of the other studied color types. We found significant general maternal effect of heterosis for litter size. Analyses of specific heterosis showed a significant positive effect of crossing between lines of the same color type. Estimates of variance components revealed h 2 levels for farm A, B, and C of 0.15, 0.06, and 0.09, respectively; thus litter size could be selected for in the future. The effect of common environment on litter size was also considerable, with c 2 values of 0.005, 0.11, and 0.15 at farms A, B, and C, respectively. In conclusion, we recommend genetic selection as a means of increasing litter size in farmed mink.
INTRODUCTION
Mink is a polyparous species that has been domesticated and bred for fur production. Mink breeding programs include intense selection for profit-maximizing factors, including skin size, fur quality traits, and litter size (Lagerkvist, 1997) . However, selection for such traits may be associated with increased inbreeding (Robertson, 1961) , which has detrimental effects (e.g., Bjelland et al., 2013) . For instance, inbreeding reduces fecundity in many species and may negatively affect litter size in mink (Demontis et al., 2011) . In addition, Berg (1996) suggested that non-additive genetic effects contribute to variations in litter size. Thus, heterosis due to dominance effects could be utilized to improve litter size.
Positive effects of heterosis have been systematically utilized in animal production systems for decades (reviewed in Sørensen et al., 2008) . Whereas inbreeding reduces litter size in mink, crossing inbred lines might induce heterosis and increase litter size. The magnitude of heterosis depends on differences in the allele frequencies of the 2 crossed populations. Therefore, we analyzed various combinations of crosses, both crosses between lines within the same color types as well as crosses between different color types and between animals originating from different farms.
The aim of this study was to estimate the effect of heterosis on litter size in crosses between mink lines. We analyzed combinations of crosses between lines of the same color type, between different color types, and between animals originating from different farms. We studied the effects of parity and production year, as well as variance components due to additive genetic, common environment, and dam effects. Effects of selection for litter size were estimated as genetic trends in litter size. The result of this study are expected to provide useful information toward improving litter size in mink production systems.
MATERIALS AND METHODS

Farms and Animals
Mink are characterized into color types, with different lines being defined within each color type. Individual mink farmers define different mink lines on the basis of the farm origin of the animals and the crossing and breeding strategies. This study compared the litter size of the 7 main color types of mink (White, Black, Mahogany, Brown, Pearl, Palomino, and Crosses) and various lines within each color type.
Three farms (farm A, B, and C) from the Mideast of Jutland in Denmark were included in the study. These farms were chosen because of their strategies of using different lines of mink and because they maintain sufficiently detailed records to extract information about litter size from crosses between lines of the same color type and between various color types. Other farms that supplied mink to farms A-C were denoted D-O.
At farm A, we used all animals that were classified as White color type. The population at farm A was supplied every second or third year with mink of the White color type lines that were purchased from other farms. Farm B was a farm with crosses being made mainly between lines within the farm. Crosses were made between different color types and different lines within the same color type. The population at farm B was supplied with mink from other farms at regular intervals. Farm C had several color types, with many mink being supplied from other farms. Mainly pure color types were maintained at this farm, with crosses being mainly between mink lines of the same color types but from different farms. Table 1 shows a summary of the analyzed farms.
Data
Litter size was used as response variable. Litter size was defined as number of offspring born alive in a litter, counted within 24 h of birth. Litter size was considered as a trait of the female giving birth. Only females with at least 1 offspring were used. Records of litter sizes from the first to the fourth parity were used; however, few females lived long enough to enter the third or fourth parities. Thus, due to small sample sizes third and fourth parity were merged into a single parity, defined as "third or more parity".
Data (including information on the pedigree and farm origin of each individual) were extracted from the Furfarm database of Kopenhagen Fur, Denmark. Pedigree data were available from 2001 for farm A and from 2006 for farm B and C. Earlier pedigree information was not available. The 3 farms were analyzed separately. All individuals were used, also including nonbreeding (culled) animals to check and correct each pedigree.
For the analyses, data were extracted and manipulated for the DMU package using an Excel spreadsheet and the basic software package R (www.r-project.org).
Dams and sires of individuals registered in the first generation (base population) of the pedigree, and all animals bought for supply, were assigned to a phantom parent group (PHG). Each PGH corresponded to a different color type/line and farm of origin. The contribution of each PHG to each individual was computed with the DmuTrace software (Madsen, 2012) , which was also used to calculate the expected contribution of each PHG to the total population. Smaller groups that contributed less than 1% to the total population were merged into or combined with larger groups. This action assumed that individuals from the same farm of the same color type but from different lines were genetically similar. Animals from the same farm but of different color types were assumed to be more similar than animals of the same color types from different farms. Finally 13, 15, and 10 PGHs were created from farms A, B, and C, respectively.
The proportion of the line contribution (lp) was defined as the expected frequency of genes originating from each PHG in an animal. The expected line heterozygosity (het ij ) was calculated as the probability that the 2 alleles at a random locus originates from each of the 2 PHG in a specific animal. The following formula was used:
where lp i(sire) and lp j(dam) are the expected proportions of line contributions from PHG i and j in the sire and dam, respectively. Expectations of line proportion and line heterozygosity were used as fixed regressions for estimating heterosis.
For i lines, there are i(i-1)/2 different combinations from which heterozygosity could be calculated. Most combinations contained very few individuals leading to a lack of power for statistical tests. Therefore, the heterozygosity combinations were merged into groups (G) on the basis of biological characteristics and the a prior hypothesis of the heterosis effect due to specific combinations of heterozygosity. 
Statistical Analyses
All analysis used univariate mixed linear models with the following general: 
Random effect of the common litter of female
; and e ijmkl : Random residuals, e ijmkl ~ NID(0,σ 2 e ).
Except for the additive genetic effect, all random effects were assumed to be uncorrelated across and within effects. The additive genetic relationship matrix (A) was assumed to be the covariance matrix.
In addition to estimating the effect of general heterosis, the model was used to estimate the effect of lines contributing to the genomes of females and offspring in each of the studied farms.
General heterosis, defined as the sum of all possible combinations of heterozygosity, was considered to be the overall effect of crossing within each farm. General heterosis was calculated for each of the 3 farms with respect to 1) females giving birth (maternal effect), reflecting the effects of the females as being a product of crossbreeding, and 2) for litters of the females (direct effect), reflecting the effects of the litters as being a product of crossbreeding. For a farm with significant general effect, the model was used to estimate specific heterosis from [1] . Specific heterosis was defined as the effect of a specific crossing combination. Significances of the effect of line contribution and heterozygosity were inferred from the Wald tests (Wald, 1943) .
The effect of common environment is an estimate of the degree of similarity in litter size between repeated measures from the same female. This effect indicates whether a female affects all her litters in the same direction. The dam effect is an estimate of the degree of similarity in litter size between females derived from the same dam. It indicates whether half-sisters affect their litters in the same direction. The dam effect was estimated because several females from the same dam are often selected as parents of the next generation. Variation explained by h 2 , common environment (c 2 ), and dam of the female (d 2 ) were calculated from variance components as the proportion of the total phenotypic variance that was derived from additive genetic, common environment and dam effects, respectively. Variance components were estimated with Average information REML (AI-REML) algorithm implemented in the DMU package for analyzing multivariate mixed models (Madsen and Jensen, 2000) .
The genetic trend for each year and each farm was calculated as the mean of the predicted additive breeding values (â k ) for females and as the mean effect of lines contributing to females. The effect of line contribution was calculated as the product of the estimated line effect (p i ) and line proportion (lp ij ) summed across all lines. The total genetic trend was defined as the combined effect of female breeding values and the effect of line contributions. Table 1 presents a summary of the 3 farms, including mean litter size, lines contributing to the breeding populations, and proportions of genes originating from the lines. The average (mean ± standard deviation, SD) litter sizes were 5.68 ± 2.49 offspring at farm A, 7.17 ± 2.34 offspring at farm B, and 7.46 ± 2.39 offspring at farm C.
RESULTS
Effect of Line Contribution
In general, there was very little difference in litter size among the PHG in all farms (Table 2) . At farm A, the mean (± standard errors of the mean, SE) of the line contribution were in the ranged from −4.65 (± 1.79) to 3.06 (± 2.18). None of the White color lines purchased from any other farm had a significant effect on litter size, and these lines were not different from each other. A White line (White 2) originating from farm A significantly decreased litter size when it contributed to offspring genotype. We were unable to estimate the effects of the contributions of the Pearl and Sapphire color types on the offspring at farm A. Probably because these color types were only used in 1 generation.
At farm B, genetic contributions of the Mahogany color type significantly increased the litter size. This increase was due to contributions to the female genotype from the (Mahogany l) line originating from farm B and a Mahogany line purchased from farm K. In addition, 2 Mahogany lines (Mahogany 1 and 2) originating from farm B and a Mahogany line purchased from farm J increased litter size when they contributed to the offspring genotype. One line from farm B, containing other colors than Brown, Mahogany, and Black, contributing to the female genotype, and a Brown line (Brown 1) from farm B contributing to the offspring genotype also significantly increased litter size.
At farm C only the Palomino color type that contributed to the female genotype and a Brown line that contributed to offspring genotype significantly increased litter size. We were unable to estimate the effect of a Brown line purchased from farm M on female genotype. This inability to estimate the effect was because only males were purchased for supply, and they were only used in one generation.
Effect of Heterozygosity
Heterozygosities for females (het ijk ) and litters (het ijkl ) ranged from 0 to 1 at all 3 farms. Average heterozygosities were as follows (mean ± SD): Farm A, het ijk = 0.7 ± 0.34 and het ijkl = 0.77 ± 0.21; farm B, het ijk = 0.34 ± 0.36 and het ijkl = 0.47 ± 0.34; farm C, het ijk = 0.48 ± 0.37 and het ijkl = 0.54 ± 0.33.
General heterosis in females was significant at farm B and C but not at farm A. General heterosis in offspring was not significant at any farm (Table 3) .
On the basis of the general heterosis results, specific heterosis was only estimated for the birthing females of farms B and C. At farm B, general heterosis increased litter size by a mean (SE) of 0.22 (± 0.07) offspring. Specific heterosis caused by crossing 2 lines of the Black color type, both from farm B, significantly increased litter size by 0.5 (± 0.24) offspring. Similarly, specific heterosis caused by crossing 2 lines of the Mahogany color type, both from farm B, significantly increased litter size by 0.54 (± 0.14) offspring. Specific heterosis caused by crossing 2 lines of the Mahogany color type from farm B and farm J, increased litter size by 0.55 (± 0.29) offspring. 
Effect of Parity
Compared to first parity, second parity increased litter size by a mean (SE) of 0.31(± 0.17), 0.54 (± 0.03), and 0.36 (± 0.07) offspring at farms A, B, and C, respectively. Compared to first parity, third and more parity decreased litter size by 0.53 (± 0.25), 0.19 (± 0.04), and 0.26 (± 0.11) offspring at farms A, B, and C, respectively (Table 4) .
Effect of Year
Estimates of the mean (SE) effects of year ranged from 4.83 (± 0.66) to 6.64 (± 0.62) for farm A, in the range 5.72 (± 0.07) to 5.99 (± 0.07) for farm B, and 5.75 (± 0.27) to 6.26 (± 0.23) for farm C (Fig. 1) . Visual inspection showed no obvious trend in yearly effects. However, farm A exhibited high fluctuations in litter size between years whereas farm B and C exhibited minimal fluctuations between years.
Variance Components
Estimates of variance components (Table 5) showed considerable additive genetic variations for litter size at all three farms, as well as large effect of the common environment at farm B and C. The dam effect of the female had the least influence on litter size at all three farms. Means (SE) for h 2 were 0.15 (± 0.06) at farm A, 0.06 (± 0.01) at farm B, and 0.09 (± 0.02) at farm C. Means (SE) for the proportion of phenotypic variance explained by common environment (c 2 ) were 0.005 (± 0.06) at farm A, 0.11 (± 0.01) at farm B, and 0.15 (± 0.02) at farm C. Means (SE) for the proportion explained by the dam of the female (d 2 ) were very low: 0.03 (± 0.04) at farm A, 0.02 (± 0.01) at farm B, and 0.004 (± 0.004) at farm C.
Genetic Trends
Genetic trends at each farm including the effect of additive breeding value of the female, the effect of line contribution and their sum (the total genetic trend) are shown in Fig. 2 . The total genetic trend had a positive effect on litter size at farm A and a minor effect on litter size at farms B and C. Farms A, B, and C showed improvements in litter size of 1.1, 0.1, and 0.19 offspring, respectively, during the studied period. The largest effect at farm A was from line contribution, whereas the largest effect at farms B and C were from female breeding values. 
DISCUSSION
This study confirmed that heterosis could be exploited to improve the litter size of farmed mink, but also showed that the amount of genetic variation influenced litter size. We analyzed the effects of crossing different mink lines, with the aims of investigating whether heterosis could be exploited to improve litter size and estimating the genetic variation in the litter size of farmed mink. Three farms and several color types were used to investigate various crossing combinations. We estimated the effect of color type on litter size because of the large variation in litter size between color types. General and specific heterosis effects were estimated for each farm in addition to the proportion of phenotypic variance explained by the additive genotype variance, the common environment, and the dam of the female.
Effect of Line Contribution
Litter size varies within and between color types in mink as well as between mink of different geographical origins. Recently, the mean (SD) litter sizes in Polish (Ślaska et al., 2009) , Finnish (Koivula et al., 2010) , Danish (Hansen et al., 2010; Demontis et al., 2011) , and Icelandic (Gautason et al., 2013 ) mink were estimated. In Polish mink, the litter size ranged from 6.01 (± 1.63) to 7.40 (± 1.36) in Sapphire Cross and Scanbrown, respectively (Ślaska et al., 2009) . In Finnish mink, Koivula et al. (2010) estimated a litter size of 5.27 (± 2.07) at first parity. In Denmark average litter size ranged from 3.7 to 6.8 for Black and Brown color types, respectively (Demontis et al., 2011) . In Iceland, Gautason et al. (2013) estimated the litter size to range from 4.7 (± 2.8) to 5.7 (± 2.7) in 6 farms from Iceland.
We found very little variation between color types within farms. Litter sizes were high in farms B and C; however at all 3 farms ranges in litter sizes were similar to those in previous studies. Farm A was the smallest farm and produced the smallest litters of the three farms. White lines constituted 89% of the gene contribution to the breeding population of farm A. 54% and 35% of genomes originating from White lines of other farms and farm A, respectively. There were no differences in litter size between the White lines, except for one White line that directly originated from farm A. This line caused a significant decrease in litter size when contributing to offspring genotypes. Other color types originating from this farm (Crosses, Brown, Pearl, and Sapphire) caused no difference in litter size compared to the White color type.
Farm B used different lines from 3 main color types (Black, Brown, and Mahogany) in the mink production. Farm B was supplied with genetic lines from 2 different farms, although lines originating from other farms only constituted 12% of the total gene contribution. Farm B was the largest of the 3 farms and produced large litters (Table 1) . The Mahogany and Brown color types produced larger litters compared to the Black color type. This finding support that of Demontis et al. (2011) , whereas Ślaska et al. (2009) did not find the same trend.
Farm C bred Black, Brown, Mahogany, and Palomino in their production. Three other farms supplied this farm with Brown mink, while 2 other farms supplied it with Palomino mink. This farm was moderate in size and produced large litters. All color types produced similar litter sizes, except for Palomino originating from farm C. Although not significant, there is also a trend toward smaller litters in the Black color type at this farm. The study by Ślaska et al. (2009) found that Palomino color types produce smaller litter size.
For the purpose of this study, we defined litter size as the number of offspring counted within 24 h of birth. Litter size within 24 h of birth was measured at all 3 farms, allowing direct comparison among the farms. In contrast, the timing of the second count was decided by each farm manager separately and from farm to farm. Other studies (e.i. Ślaska et al., 2009; Hansen et al., 2010; Koivula et al., 2010) have defined litter size as the number of offspring counted 1 to 3 wk after birth. Consequently, our estimates are not directly comparable to those in previously published studies.
Lines from other farms were purchased to improve fur quality and to reduce inbreeding problems. Hence, the generation of large litters was not necessarily the primary reason for purchasing mink from other farms. Although Table 4 . Effect of parity on litter size in mink for each of the 3 studied farms. Estimates and standard errors (SE) as well as P-values are given for second and third and more parity for each of the 3 farms. First parity is used as index Brown and Mahogany lines produced larger litters compared to Black lines at farm B, this trend was not significant at farm C. We did not record a general trend of one color type being superior to another in terms of litter size. Thus, the suggestion that Black color types produce smaller litters should be treated with some caution. We found no clear trend whether lines contributed to female or offspring genotype. A slightly smaller effect of lines contributing to offspring genotype might have been present at farm A and C, but this trend was not present at farm B.
Effect of Heterosis
Inbreeding reduces fecundity in many species. For instance, inbreeding cause litter size to decline in mice (Holt et al., 2005) , swine (Farkas et al., 2007) , and sheep (Norberg and Sørensen, 2007) . It has been suggested that inbreeding has a negative effect on litter size in mink (Demontis et al., 2011 ), with Berg (1996 proposing the use of heterosis to improve litter size. Heterosis is defined as the favorable effect in which progeny have a better performance than the averaged of the mid-parent mean (Falconer and Mackay, 1996) . Useful heterosis is when progeny outperforms both purebred parents. Heterosis has a positive effect on the reproduction traits of both polyparous (Mohamed et al., 2001; Cassady et al., 2002; Wolc et al., 2012) and in uniparous (Sørensen et al., 2008) species. The positive effect has been systematically utilized in swine and chicken production systems for decades.
General heterosis had significant positive effects on females at farm B and C, with specific heterosis for females being estimated at both farms. The magnitude of heterosis depends on the differences of allele frequencies in 2 crossed populations. Specific heterosis is greatest when the 2 populations are fixed for different alleles. However, this effect was not evident in the current study. At farm B, the effect of specific heterosis was due to crosses between lines of the same color type from the same farm. This finding might be explained by the fact that the populations from the 3 farms were not inbred to a degree that influenced litter size. Most color types and lines within the color types used in this study had genes from many different lines with none of the lines likely being fixed for important alleles.
In breeding programs and in farm management it is a common practice to introduce lines from other farms at regular intervals. There are several reasons for this practice. First, fur quality is improved because of animals with shorter and thinner guard hair with denser wool and silkier surface and of larger size. Second, new color types are introduced into production in accordance with fashion and consumer demands. Third, inbreeding and its detrimental effects are avoided. In the current study, litter size were already high in 2 of the 3 farms, suggesting that litter size was not an issue for these farms in terms of inbreeding. The management practice of these 3 farms probably represents most Danish farms with regular supply of animals being common.
Alternatively, our assumptions that mink from the same farm were genetically more similar than mink from different farms might not be true. There were no Figure 2 . Genetic trend in litter size in mink on the 3 farms. The total genetic trend is shown and is partitioned into effect of female additive genetic breeding value and effect of line contribution for each farm. Notice the difference in scales on the y-axis in farm B. differences in heterosis effects at farm A, regardless of whether we crossed lines of White mink from the same or different farms. At farms B and C, we obtained similar effects when we crossed mink lines of the same color type originating from the same or different farms. We also assumed that mink of the same color type were genetically more similar than mink of different color types. At farm B, crosses between lines within of the same color type significantly increased litter size whereas crossing between different color types had no effect. At farm C, a significant effect was only achieved when we crossed 2 different color types from the same farm. This finding indicates that mink lines from the 3 farms did not suffer from inbreeding, and that genetic variation within the populations was sufficiently high to prevent depression of litter size due to inbreeding. Mäki-Tanila (2007, p. 188) stated that "Maximisation of heterosis can be done only on a temporary basis" and needs to be regenerated in each generation. Supplementing programs with genes from other farms has been a common practice for the 3 farms. Thus, the aim of preventing the detrimental effects of inbreeding seems to have been realized. However, we do not know the history of the farms used for supplementing mink. Animals from different farms might have the same origin; thus, the allele frequencies might be similar in genes affecting litter size. Hansen et al. (2008) and Nielsen (2008) showed that specific combining ability is important for the heterosis effect in mink. Crossing Brown females to White or Black males produced larger litters compared to crossing White or Black females to Brown males (Hansen et al., 2008; Nielsen, 2008) . For all 3 farms, the supplemented animals were primarily males. Males introduce genes to the population at a frequency that is 5 times higher than females, because males mate with approximately 5 females in each mating season. Thus, the practice of supplementing primarily males seems reasonable.
Another reason for supplementing animals is to improve fur quality traits. High quality of large skin size are economically important; thus, selection for these traits are important aims in breeding programs. Koivula et al. (2010) found a negative genetic correlation between animal size and litter size, while Hansen et al. (2010) found a negative correlation between dam juvenile body weight and litter size. Consequently, selection focused on large skin size might counteract the positive effect of heterosis.
Effect of Parity
Several studies have reported large variations in litter size (Ślaska et al., 2009; Koivula et al., 2010; Gautason et al., 2013) , which can be caused, in part, by a complex sexual cycle in which the age of the dam affects litter size (Ślaska et al., 2009 ).
Parity had a significant effect at all 3 farms. Females in second parity produced more offspring, whereas females in third (and more parities) produced less offspring, compared to females in first parity. This positive effect of second parity was demonstrated previously (Ślaska et al., 2009; Koivula et al., 2010; Brzozowski et al., 2012) . The positive effect of breeding 2-yr-old female mink is well known among farmers, and it is common practice to breed approximately 40% of the stock as 2-yr-old females. In this study, 30-50% of bred individuals were 2-yr-old females, selected from females that had produced large litters in their first parity. The breeding strategy used by the studied farms reflects the general breeding strategy of Danish mink farms.
Effect of Year
Yearly effect had no clear trend in the studied farms. The greatest fluctuation in litter size between years was recorded in farm A, with the difference between the best and the worse years being 1.8 offspring per litter. This variation may represent a serious problem in production, because the economic benefit is not stable. The number of produced animals was more stable at farms B and C during the study period; consequently, these farms were more economically stable compared to farm A.
Variance Components
The estimates of variance components supported those reported by Koivula et al. (2010) , although, our phenotypic variance was slightly higher and heritability was slightly lower. Previous studies have estimated variance components for litter size counted weeks after birth. Due to differences in litter size definitions, we could not compare our estimates directly with those in previous reports. However, Lagerkvist et al. (1994) and Rozempolska-Rucińska (2004) performed studies of number of born offspring and estimated heritability to be 0.09 and 0.017, respectively. Our estimates for farms B and C were within the range of these previous studies; however, the estimate from farm A was considerably higher. Rozempolska-Rucińska (2004) estimated the additive effect of the dam to be 0.038. Our estimates from farms A and B supported this result, whereas our estimate from farm C was 10 times lower. At farm A, heritability was large compared to farms B and C and to Lagerkvist et al. (1994) and Rozempolska-Rucińska, (2004) . Variance explained by the common environment were very low. At farms B and C variance explained by the common environment was higher than variance explained by heritability.
Genetic Trends
At farm A, lines originating from other farms had a tendency, albeit insignificant, to contribute to the increased litter size. This farm showed a clear positive genetic trend, with litter size increasing by 1.1 offspring per litter during the study period. When the genetic trend was partitioned into selection on the female breeding value and the effect of line contributions, the genetic trend was dominated by the latter. Selection on female breeding value increased litter size by 0.26 offspring.
Compared to farm A, the litter sizes did not improve as much at farms B and C, where selection on the predicted breeding value of females increased litter size by 0.16 and 0.26 offspring, respectively. At these 2 farms, effect of line contribution appeared to counteract the positive effect of selection and total litter size only increasing by 0.1 and 0.15 offspring per litter, respectively. Both of these farms produced large litters throughout the study period; thus, selection for larger litters might have been relaxed compared to selection for other traits.
Conclusions
This study was designed to investigate the effect of various line combinations on litter size in mink and to explore whether specific crossing combinations cause general heterosis effects. We investigated the effect of female heterozygosity (maternal effects) and offspring heterozygosity (direct effect) on general heterosis. Significant general heterosis for females was identified at 2 of the 3 studied farms. The effect of heterozygosity on litter size was not significant for offspring, indicating that the maternal effect is more important than the direct effect of offspring.
Analyses of specific heterosis revealed that crossing between lines of the same color type had a larger effect than to crossing between different color types. There are 2 likely explanations for these results: it might be that the level of inbreeding at the 3 farms is very low, or that there are small differences in allele frequencies for important genes between the color types/lines that were crossed. It is common practice to crossbreed mink populations for many generations. Such crossing may have prevented the accumulation of deleterious alleles. Additive genetic variance in the 3 populations would facilitate selection for larger litters in the future, with 1 of the farms already showing considerable increase in litter size due to selection. At 2 of the farms, the proportion of phenotypic variance explained by the common environment was larger than the proportion explained by additive genetic effects. This suggests a beneficial effect of selecting females that produce larger first parity litters for second parity breeding purposes.
